in more recent studies,second phases were fOund located only (12) or ~ostly (13,14,15} at grain boundary junctions. An Auger study of grain boundaries exposed by fracture in a Bi-doped varistor(12) has revealed a 20ft. wide Bi-"enriched layer. The mean zinc oxide grain ·sizes are 9.8~1.3 microns, l1.7~1.9 microns, and l2.l~1~5 microns for Sa~ples 1, 2, and 3, respectively. For all three samples, the mean particle width is 1.5~0.7 microns, with larger but fewer particles at grain boundaries than within the grains.
Fi9ure 3a is a higher magnification scanning electron micrograph of Sample 1, showing a ZnO grain (marke~ A) and a second phase particle (marked B). Figure 3b shows the results of X-ray compositional analysis conducted on these two areas in a scanning electron micrOSCOPe (SH1) equipped with a Si(Li) energy-dispersive spectrometer (EOS). The grain.
contains zinc and cobalt, with a larger concentration of zinc than cobalt as indicated by the relative heights of their Ka peaks. In contrast, -4-the particle contains zinc, cobalt, barium, neodymium, and samarium, with a larger concentration of zinc than of the other elements present except probably oxygen, which is not detectable by the EOS technique.
Similar compositions were also found in Samples 2 and 3.
Imaging and analysis of ion-beam thinned samples in a transmission electron microscope equipped with a scanning attachment and EOS confirmed the SE~' results. and e fall wi~hin the ZnO grain, b is on the grain boundary, 9 is at the grain-second phase particle interface, and f f~lls within the particle.
In the middle of the grains,the zinc and cobalt contents are, respectively, 87 and 13 percent. At the grain boundary, the composition is the same to within one percent. No barium, neodymium or samarium were detected within ZnO grains or at grain boundaries in concentrations greater than 0.5 atomic percent (the minimum detectable level of the EDS technique). At the zinc oxide-particle interface, the zi·nc content drops from 88 to 69 percent, with the largest change occurring within O.S micron of the interface, while the cobalt content changes very little. The particle composition was 47 to 54 percent zinc, 16 to 19 percent cobalt, 13 to 16 percent barium, 11 to 12 percent samarium, and 5 to 6 percent neodymium, and it varied from particle to particle. The absolute accuracy of these results is only about 50%, but the error is the same to within a few percent for all the different areas examined,' and so comparisons can be made to much higher preci 5i on.
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.. Figure 4) , and small particles composed of a zinc-other metals oxide solution (evidenced by the variation in composition and lattice parameters from particle to particle). The other metals are cobalt, barium, samarium, and neodymium, in order ·of decreasing concentration.
Due to the high me1ting pOints of the rare earth metal ·oxides, it is unlikely that these were involved in liquid phase sintering. This is also confirmed by the fact that no intergranular glassy films could be detected.
The maximum a values of 28 or 29· for these varistors are comparable to those of the commercial GE-~1OV varistor. Bright field-dark field micrographs of a three-grain junction (top), and grain-particle (P)interface (bottom). 
